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Introduction
The indispensability of the fishery resource in contributing to food and nutrition security and other socio-economicdevelopment has led to its increase in production and trade (Dutta, 2000, Philips, 2009). Production from aquacultureaugmented the experienced decreased supply from the wild (Hardy, 1999; Laing, 2009; Philips, 2009). Globally there
is evidence that majority offish stocks will be over fished and increasingly impacted by degraded aquatic environment due
mainly to anthropogenic activities (McWhinnie and Fernandes, 2011), climatic and environmental factors. Newer technolo-
gies have been put in place to improve the state of fish production in captivity (Reddy and Dwivedi, 1986 and Schulstad,
1997) and to manage natural stocks in better ways, thus increasing and sustaining the supply of fish for consumption and
socio-economic benefits, while still ensuring conservation of genetic biodiversity (Leber, 2004). There is need for awareness
creation on the development of technology for the production of brackish water and marine fish species for coastal aquacul-
ture in Nigeria, in addition to the commonly cultured fresh water catfish Clarias sp., which is not so accepted by the coastal
populace in Nigeria. Such technology when established will greatly contribute to food and nutrition security, socio-economic
development, conservation of the fishery resource, the aquatic environment at large, and ensure sustainability. Most fresh wa-
ter fishes can reproduce in captivity and readily grow to table size, but contrary for the marine ones that require more careful
procedures in terms of obtaining brood stocks and conditioning to optimum breeding and environmental conditions, getting
the right medium for fertilization, establishing efficient means of transportation, and formulation of feed with high feed con-
versionratio that will translate into high specific growth rate. Millions of reared marine fish juveniles have been released into
the coastal waters since the 1970s in Japan and other Asian countries (Takebe, 2000; Bartley and Leber, 2004).
This paper focuses on efforts that have been made so far in the culture of marine fish species in certain parts of the
world,and in the face of huge available potentials in Nigeria, proffer steps for the establishment of such in the nation.
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Successfully Cultured Marine Fish Species: Lessons from Asian Countries
Zhong and Zhang (2003), reporting on the culture of marine fish species noted that species belonging to about 24 families
have been successfully cultured at high production rates, and which include the grunts (species of Haemulidae/Pomadasy-
idae), sleepers (species of Serranidae), drums/croakers (species of Sciaenidae), flounder (species of Bothidae), mullets (spe-
t-' cies of Mugilidae), milkfish (Chanos chanos), snappers (species of Lutjanidae) etc, all of which are present in Nigerian
> marine ecosystems. According to Boonyaratpalin (1997), culture of marine and brackish water fish species is an important
,0 venture in South EastAsia and through this venture contribution to global sea food and live fish trade has expanded. The fish
~ farmers prefer the hatchery reared fry to the wild caught due to the high survival and growth rates of the cultured ones (Mills,g 200I). Researchers and hatchery owners collaborate in the artificial rearing; various localities specialising in breeding par-
~ ticular fish species and can then export to other regions (Yeh and Ting, 1990; Yehet al., 1991;Yeh et aI., 1995). The hatchery
c: farmers make use oflive food and atimes include use of the green microalgae tNannochloropsis sp.) in larval rearing tanks for
~ the control of water quality and transparency. The establishment of many hatcheries based on their locally available species
promoted the rapid growth of aquaculture in Asia. The major fish feeds were trash fish and artificial feed that were given in
the form of dry or moist pellets. Veryhigh survival rates were recorded through the use of indoor hatchery system. (Lin et aI.,
1979; Tang et al., 1979a; 1979b; 1979c; Liu and Hu, 1980).
Dynamics of Marine Fish and Shell Fish Cultures
Factors that will determine efficiency in the production of brackish water and marine fish species can be grouped under: Ad-
opted Technology, environmental considerations and market forces in fish trade.
Technology for the culture of marine fish species in Nigeria: Acritical factor in the success of aquaculture of marine
fishes in Asia has been the establishment of lots of viable hatcheries (Gupta and Gupta, 2008). Fish seed is an indispensible
input for increased fish production; hence its availability will determine the viability and success of large scale aquaculture or
mariculture. In the wild, percentage of hatched eggs that attain the adult size is low due to adverse environmental conditions
and predators (insects, fish, frogs, snakes, birds etc.) that reduce the survival of offspring. Contrariwise, higher percentage
of artificially reared offspring grow to table size with proper handling, and even do better than seed collected from the wild,
which is no longer in vogue in Asia (Gupta and Gupta, 2008). Marine fishes can be reared on land or within the wild aquatic
ecosystem (Philips, 2009), in fresh water or marine environments such as in paddy ponds, tidal ponds, excavated ponds from
other uses, earthen ponds, concrete tanks, pens, cages, raceways and recirculatory system. Production components which
consist of hardware (faciIities, equipment and structures) and software (current standardized procedures, and efficient skilled
man-power) can be formed. The machines should generally be affordable, corrosion-free and non toxic materials (Jadhav,
2009).
An up to date hatchery for mass production of marine fishes, therefore will consist of all necessary units such as: brood
tanks, facilities for handling the spawners, incubators, spawning tanks with all its facilities, feed dispensers, larval rearing
tanks, aerators, nets, conditioning tanks, hapas etc. The grow-out system of the fish farm could be any of these or a combina-
tion: pens, cages, concrete tanks etc. as listed above. For a feasible and growing fish trade, efficient means of live fish transport
is a necessity; and it has to do with the use of live seed carriers (vehicle) for long distances or % oxygen-filled polythene bags
for short distances. Other pot-like or basin-like open containers are also used (Gupta and Gupta, 2008). Prior to seed transport,
appropriate water temperature, dissolved oxygen content, stocking density and possible fresh water exchange during trans-
portation are usually considered. Anesthetics (MS-222, Urethane and 2-methyl-quinoline) may be needed just to decrease
metabolism and movement of the fry, night being the best time for such movements (Gupta and Gupta, 2008).
Most of the farmers use cage for mariculture, they buy good quality fry of same size from producers, acclimate to
artificial feed and transfer to cages by size 9-10 em (FBA, 1998).
Environmental considerations: Environmental characteristics of a chosen site will determine the type of hatchery
model and grow out system to use (Laing, 2009; Alvarez-Lajonchere and Perez-Loa, 2012; Troell et aI., 2013). Besides,
source of good quality and adequate water supply that falls within the range for optimum fish production is a factor of top
priority in locating marine fish farms; they should best be located by the coastal area where large volumes of sea water will be
available for use. Marine fishes grow best in waters that are very stable in quality (Mills, 2001). Apart from the quality of sea-
water, which can be controlled within certain limits by means of screens, filters, settling tanks, sterilization equipment, etc.,
the other main factors to manipulate are air and water temperatures as these also affect production. For instance, in northern
Italy and along the French Mediterranean coast, sea bass reaches marketable size of250 - 350 g in 20 to 24 months; and16 to
20 months for the gilthead sea bream. For the African Mediterranean coast, however, the period needed to reach these sizes
is reduced to 14 to 15months for sea bass, and a year for the gilthead sea bream. During the freezing conditions of winter in
the northern Mediterranean, precautions are usually taken to avoid stoppage in growth and complete death of all the fishes by
provision of appropriate facilities, such as wintering ponds, greenhouses, water heating systems, etc.
Knowing the adverse effect of winter, farmers, in stocking their cages avoid two winter seasons per production cycle.
In regions with such adverse winter conditions, fry production is concentrated during summer for about two months, but
demand and purchase of the fry is usually spread over many months in regions without adverse winter, and farmers therefore
can have more production cycles (Alvarez-Lajonchere et al., 2007).
Challenge posed by adverse condition on seed production actually led to technological solutions such as the use of
water re-circulatory systems, and computerized system Schulstad (1997) for the control, monitoring and management of en-
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Conclusion
Besides the commonly cultured fresh water catfish in Nigeria, several marine shell and fin fish species can be cultured in
Nigeria since these have also being successfully cultured in Asian countries. With the privilege of hindsight the major goal
in establishing marine fish culture should be the optimum and sustainable production of these fishery resources, especially
rare or threatened species, with due consideration to the health of the aquatic environment. In rearing cultured fishes in the
natural aquatic environment (mariculture), caution is needful because transfer of diseases are usually rife in densely populated
stocks of fishes; in addition, pollution of the ecosystem can result from feed remnant, and alter water quality. Vast potentials
such as availability of skilled and efficient engineers, fisheries scientists, aquaculturists, etc are on ground and can harness
the available resources for culture of marine fishes in Nigeria. Strategically located hatchery with its complete units will
formsolid bedrock on which the technology can rest and thrive. Sarotherodon melanotheron, Tilapia guineensis, the croakers
Pseudotolithus spp., the snappers Lutjanus spp. and the groupers Epinephelus etc are all prospective entrants into aquacul-
ture in Nigeria. While concerned and interested stakeholders will bring together the intelligentsia for such venture through
various fora, the government can give support for the provision of enabling environment. Focused research on the biology
andecology of prospective marine fish species for culture, and the various disciples of aquaculture should be encouraged in
institutions of higher learning.
Prospects and Indispensable Steps in Establishing Technology for Culture of Marine Fish Species in Nigeria
The culture of marine fish species can be a possibility in Nigeria if all the available potentials can be harnessed. One of the
major steps in the bid to establish this technology should involve carrying out more biological and ecological studies, and
review of literature to ascertain life cycle of culturable marine fish species in Nigerian marine waters. Next, would be to
package propagation procedures, care of larvae, fry, fingerling, and post juveniles to table size; while viable and genetically
diverse brood stocks would be sustained in banks. Best method of live seed transport per fish species, as well as appropriate
feedmust be formulated for each stage of the fish species, that is, for larvae, fry, fingerling and adults. Harvesting procedures,
value added processes, storage facilities, distribution channels and market for fingerlings and table fish should be mapped
out to ensure optimum benefits from end products of the technology. To establish marketing chains and outlets, survey can
be undertaken to ensure that outlets and markets exist for the disposal of products; hence production can also commence on
a pilot scale. According to Alvarez-Lajonchere et al. (2012) technology which consists of hardware (facilities and equip-
ments) and software (skilled personnel and globally accepted standards) and is central to the culture of marine fish species,'
the potential of its assemblage in Nigeria is very high. The teeming population of engineers of various disciplines, fisheries
researchers (biologists and ecologists), seasoned aquaculturists, technologists, technicians, and thousands of kilometres of
low lying coastline containing billion cubic metres of marine water pose as great potentials to tap into. Industries that can
fabricate various aspects of the fish farm facilities and equipment, knowing full well that corrosion free and non-toxic materi-
als are a must for fish breeding operations can be sourced for. Regular power supply, which is basic to the viability of such
ventures, can be overcome by turning to alternative energy sources such as solar energy, gas, wind, or water as the case may
be.The following areas of research will need to be given attention: maintenance of viable brood stocks bank, production and
rearing of fry and juveniles, management of grow out, nutrition for juveniles and adult, proximate and acid profile analysis
of cultured fish flesh, and genetics. One of the challenges faced in aquaculture or mariculture is occurrence and transfer of
disease. Appropriate preventive measures have to be put in place, and which mostly has to do with absolute cleanliness and
hygienic conditions especially at points of transfers and contact with the fishery resource. It has to be ensured that only the
healthy cultured fishery resource is stocked (Leber, 2004).
vironmental parameters, which include oxygen, pH, nitrites and nitrates. In India, fish breeding is not restricted to season; it
is done under controlled condition (Reddy and Dwivedi, 1986) in the hatchery. The lesson for Nigeria is that farmers should
intensify the stocking of their ponds during the rainy season when the weather is cool and manipulate the environment as the
need arises. Other factors to take into consideration while siting marine fish farm include transportation of produce, acces-
sibility and market.
Trade in marine fishery resource: Definitely, there will be market for cultured marine fish species in Nigeria and >
beyond since the coastal populace love the taste of brackish water and marine fishes. Restaurants, fast food places and hotels /:)c:can be targeted as distribution points along the distribution network. Production and harvest can be arranged to target the >
peak periods of celebration. The market may drive the hatchery and grow-out outputs, and both linked by price of the fish and g
demand. Faster and cleaner means of transport has increased trade in live fish globally. Value addition in the fishery resource ~
such as drying, smoking, filleting and packaging in various ways have all opened up trade in the fishery sub-sector. c:~
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